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PROBLEM TO BE SOLVED: To provide a proton exchange body and a proton exchange film consisting 
of an ionic liquid which demonstrate a high proton conductivity without depending on the existence of 
water and which is stable and can be used suitably as a proton exchange body of a fuel cell. 
SOLUTION: The proton exchange body comprises an ionic liquid which is obtained by acid-base 
reaction of an alkaline substance that is one or more of a compound selected from a group made of 1- 
methyl imidazole, 4-methyl imidazole. 2-ethyl-4-methyl imidazole, 1 -methyl pyrazole. 1 ,2,4-triazole, or 
5-methyl-benzimidazole with an organic acid. 
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* NOTICES * 

JPO and NCZPI are not responsible for any 
damages caused by the use of this translation. 



J S'/f """^u ^r^] translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. o t- j 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The proton exchanger characterized by having the ionic liquid obtained by the acid-base reaction of an alkali 
and an organic aad. 
[Claim 2] 

The proton exchanger according to claim 1 by which equimolar mixing of said alkali and said organic acid 
is earned out. * 
[Claim 3] 

The proton exchanger according to claim 1 in which said organic acid exists superfluously on mol criteria to 
[Claim 4] 

EithCT [ at least J said alkali or said organic acid is a proton exchanger with the melting point of 20 degrees 
C or less according to claim 1 to 3. ^ 
[Claim 5] 

The proton exchanger according to claim 1 to 4 which is hydrophobicitv 
[Claim 6] 

Said alkali is a proton exchanger according to claim 1 to 5 which is a cyclic compound 
[Claim 7] j f • 

[^Claim^st^ ^ "^^^^^^ exchanger according to claim 1 to 6 which is a nitrogen-containing compound. 

Said nitrogen-containing compound is a proton exchanger according to claim 7 which is a compound with 
an imidazole frame, a pyrazole frame, and/or a triazole frame 
[Claim 9] 

Said nitrogen-containing compound is a proton exchanger according to claim 8 which has an imidazole 
frame, a pyrazole frame, and/or a triazole frame, and has one or more alkyl grouns 
[Claim 10] j & y • 

Said alkyl group is a proton exchanger according to claim 9 which is a methyl group 
[Claim 11] 

Said nitrogen-containing compound is a proton exchanger according to claim 8 which are one or more 
conipounds chosen from the group which consists of 1 -methyl imidazole, 4-methyl imidazole 2-ethyl-4- 
methyhmidazole, 1 -methyl pyrazole, 1 and 2, 4-triazole, and 5-methyl-benzimidazole 
[Claim 12] 

Said organic acid is a proton exchanger according to claim 1 to 11 which is a carboxylic acid 
[Claim 13] 

The proton exchanger according to claim 1 to 12 which has the gelation ingredient which consists of a high 
molecular compovmd. 
[Claim 14] 

Said gelation ingredient is a proton exchanger containing a polar group according to claim 13 
[Claim 15] 

The proton exchanger according to claim 1 to 14 which has the reinforcing materials compound-ized by said 
ionic hquid. f j 

[Claim 16] 

Proton exchange film characterized by consisting of a proton exchanger according to claim 13 to 15 
[Claim 17] o . 
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The fuel cell characterized by carrying out two or more laminatings of the fuel cell eel which consists of a 
separator which **** the reaction pole which **** both sides of the solid polymer electrol^e which 
consists of proton exchange fihn according to claim 16, and this solid polymer electrolyte, and this reaction 

[Translation done.] 
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* NOTICES * 

JPO and NCZPZ are not, responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the proton exchanger used suitable for a fuel cell in more detail about the proton 
exchanger using the new proton conductivity matter. Furthermore, this invention relates to the proton 
exchange film and fuel cell which used this proton exchanger. 
[0002] 

[Description of the Prior Art] 

Development is activating the solid polymer electrolyte form fuel cell (PEFC) using a macromolecule 
proton exchanger as the object for automobiles, or a dispersed-type power source. A generation of electrical 
energy is performed by the reaction of the following [ that PEFC uses the hydrogen as a fuel for an anode 
pole, and uses the oxygen as an oxidizer for a cathode pole ], 
[0003] 

Anode pole: H2 -> 2H++2e - 

Cathode pole: 2H++1/2 02+2e- -> H20 

The cathode pole bipolar plate which conveys the gaseous-diffusion layer for supplying at homogeneity the 
proton-exchange film which conveys the anode pole bipolar plate which collects and conveys the anode 
catalyst and the electron which draws out an electron to a catalyst bed from the gaseous-diffusion layer for 
supplying hydrogen to homogeneity and hydrogen as a basic factor for performing the above-mentioned cell 
reaction of PEFC, and a proton to a cathode pole side, the cathode catalyst which a proton and oxygen are 
made to react and generates water, and oxygen to a catalyst bed, and an electron to a cathode catalyst is 
mentioned. Many technical problems which originated in the physical properties of the proton exchange 
film also as systems, such as elevated-temperature-izing of an operating temperature, simplification of 
moisture management, and improvement in the starting performance at the time of low temperature, in 
addition to low-cost-izing of a catalyst, the proton exchange film, a bipolar plate, etc. for attaining utilization 
occur. 
[0004] 

The proton exchange film of perfluoro sulfonic acid system macromolecules, such as Nafion, is used for 
current and the proton exchange film. These film **1 **2 which cannot perform elevated-temperature 
operation since heat-resistant temperature is low Since the water in the film is frozen in low temperature 0 
degree C or less moreover proton conductivity falls extremely by evapotranspiration of water in the 
operating temperature of 80 degrees C or more, in order that proton conductivity may be dependent on 
existence of water, the big technical problem on a system ~ starting at the time of low temperature takes 
heating — occurs. Therefore, these technical-problem solutions are asked for development of the system 
using a new proton exchange film technique and this new. 
[0005] 

Many film development is carried out as a measure for such a technical problem. For example, in 
development of the proton exchange film which aimed at high thermal resistance, development of 
hydrocarbon system polymers of defluorination system structure, such as polystyrene, the poly 
benzimidazole, and poly para-phenylene, is furthered. In a pyrosphere 100 degrees C or more, these do not 
solve the problem in the proton exchange film of the conventional perfluoro sulfonic acid system 
macromolecule in order to cause decline in the ionic conductivity by evapotranspiration of water. 
[0006] 

Then, development of the proton conductor independent of water is called for, and various anhydrous proton 
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conductors are proposed. For example, an anhydrous proton conductor is obtained by replacing an aquosity 
solvent by the solvation polymer (for example, polyethylene oxide (PEO), a polyvinyl pyrrolidone, 
polyethyleneimine, or a poly aminopropyl siloxane) which does not contain hydroxyl. Although the acid 
proton conductor is obtained by the system which dissolved orthophosphoric acid (H3P04) into PEO, it has 
come to attain high conductivity by these systems. 
[0007] 

It is known that alkalis, such as an imidazole and a pyrazole, will discover high proton conductivity on the 
other hand. High conduction of a proton is observed also for the salt (others [ Im/HTFSI ]) of these alkalis. 
An imidazole salt shows conductivity in a crystal solid-state, the temperature region more than the melting 
point shows the high conductivity beyond it further, and it is thought that it has a proton self-dissociative 
property (nonpatent literature 1). 
[0008] 

The ionic liquid which consists of these proton conductivity base matter recently is excellent in reduction 
resistance, and decomposition voltage is high, and since safety and a large temperature requirement show 
the description of a liquid, it inquires as an electrolyte of various electrochemistry devices, such as a 
rechargeable battery (nonpatent literature 2), an electric double layer capacitor (nonpatent literature 3), and a 
coloring matter sensitization mold solar battery (nonpatent literature 4). 
[0009] 

As the main descriptions of an ionic liquid, 

(1) Although it is a liquid near ordinary temperature, vapor pressure is not shown in an elevated temperature 
(non-volatile). 

(2) What the congealing point does not freeze in -80 degrees C low exists. 

(3) It is incombustibility. 

(4) There are many stable things chemically near ordinary temperature. 

(5) Form the solid electrolyte of a Polymer-in-salt mold by addition of polymeric materials. 
************ II becomes possible to reaUze ionic conduction in a large temperature field taking advantage 
of such features of an ionic liquid. 

[0010] 

Table 1 shown below shows the example of the ionic liquid in which the shape of liquid somatic is shown in 
a large temperature requirement with various kinds of cations and the combination of an anion. 
[0011] 
[Table 1] 
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[0012] 

The examination as a proton conductor is also made taking advantage of the description of such an ionic 
liquid. For example, paymg attention to the specific nitrogen base matter (nitrogen bases) belonging to an 
azole sequence, it is shown in the patent reference 1 that the 2 premix object of these nitrogen base matter 
and the addition salt of the acid centering on sulfone imide serves as a proton conductor, and the application 
to electrochemistry components, such as a display, is proposed. Moreover, the proton conductor which 
becomes the patent reference 2 from an acid and a nonaqueous nature both-sexes ingredient is indicated In 
these proton conductors, conductivity changes a lot by changing the mole ratio of an acid and a base for 
example, the duality of an imidazole / imidazolium truffe RATO (mole ratio 3: 1) -- in the case of mixture 
conductivity constitutes an anhydrous proton conductor from 25 degrees C more than 10-3ohm-l and cm-1 
^^^J®""' apphcation as a battery electrolyte is asked for improvement in the conductivity of single or more 

[0013] 

Moreover, the proton conduction which exceeds Nafion by the imidazole / sulfbric-acid system is reported 
(nonpatent literature 5). As for this, the peak of proton conduction exists in the place of 1 :9 by the acid and 
the base mole ratio. However, since it is a strong, acid liquid, there is a technical problem on handling in 
using as an object for FC. 
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[0014] 

[Patent reference 1] ** table No. 5081 14 [ 2000 to ] official report 
[Patent reference 2] ** table No. 517462 [ 2000 to ] official report 

[Nonpatent literature 1] K.D. Kreuer et al., Solid State Ionics, 94 volumes, the 55th term, 1997 
[Nonpatent literature 2] R.T. Carlin et aL, J.Electrochem.Soc.l41 volume, L73 term, 1994 
[Nonpatent literature 3] C. Nanjundiah et aL, J.Electrochme.Soc.l44 volume, the 3392nd term, 1999 
[Nonpatent literature 4] N. Papageorgiou et aL, J.Electrochem.Soc, 143 volumes, the 3099th term, 1996 
[Nonpatent literatvire 5] K.D. Kreuer et aL, Electrochimica Acta, 43 volumes, the 1281st term, 1998 
[0015] 

[Problem(s) to be Solved by the Invention] 

This invention is made in view of the above situations, and while it is not dependent on existence of water 
and discovering high proton conductivity, let it be the technical problem which this invention should solve 
to offer the proton exchanger and proton exchange film which consist of an ionic liquid which it can be 
stable as a proton exchanger for fiiel cells, and can be used suitably, and the fiiel cell using this. 
[0016] 

[The means for solving a technical problem and an effect of the invention] 

As a result of advancing examination wholeheartedly in order to solve the above-mentioned technical 
problem, the proton exchanger using a certain kind of ionic liquid is not dependent on existence of water in 
a large temperature requirement, and this invention persons discover high proton conductivity, and came to 
complete a header and this invention for offering the outstanding proton exchanger for fuel cells. 
[0017] 

That is, the proton exchanger of this invention is characterized by having the ionic liquid obtained by the 

acid-base reaction of an alkali and an organic acid (claim 1). 

[0018] 

That is, the width of face of an organic acid of selection is wide, and since high proton conductivity is 
discovered to the large range of the mole ratio of an acid/base, the proton exchanger which can be suitably 
used as a proton exchanger for fiiel cells can be offered. In addition, the "ionic liquid" in this specification is 
a compound with the melting point of 90 degrees C or less, is a compound which has the melting point of 70 
degrees C or less preferably, and is a compound which has the melting point of 25 degrees C or less more 
preferably. 
[0019] 

It is desirable that equimolar mixing of said alkali and said organic acid is carried out (claim 2). According 
to this configuration, since an ionic liquid is formed fi-om a neutral salt, it is excellent in thermal stability 
and handling nature, and can offer the proton exchanger which can be used suitable for fuel cells by the low- 
melt point point and proton conduction ability. In addition, neutralization of an alkali and an organic acid is 
possible by carrying out an equimolar reaction. Moreover, it is also desirable that said organic acid exists 
superfluously on mol criteria to said alkali (claim 3). 
[0020] 

Moreover, it is desirable that either [ at least ] said alkali or said organic acid has the melting point of 20 
degrees C or less (claim 4). A large temperature requirement can show the description of a liquid and high 
proton conductivity can be discovered. 
[0021] 

It is desirable that the proton exchanger of this invention is hydrophobicity (claim 5). The elution to the 
water with which a part also generates a proton exchanger in a cathode by making it hydrophobicity can be 
controlled, and the life at the time of applying to a fiiel cell can be extended sharply. In addition, even if it 
carries out mixed stirring with the water (20 degrees C) of equivalence [ "be / a proton exchanger / 
hydrophobicity" ], it says carrying out phase separation. 
[0022] 

Furthermore, it is desirable that said alkali is a cyclic compound (claim 6). According to this configuration, 
by using an alkali as a cyclic compound, since it can have two or more proton conduction sites in the 
intramolecular of an ionic liquid, high proton conductivity can be discovered, and the still more suitable 
proton exchanger as an object for fiiel cells can be offered. 
[0023] 

And it is desirable that said alkali is also a nitrogen-containing compound (claim 7). It is more desirable that 
that it is the compound which has an imidazole fi'ame, a pyrazole fi-ame, and/or a triazole fi*ame as said 
nitrogen-containing compound has one or more alkyl groups preferably (claim 8) (claim 9). It is desirable 
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that especially this alkyl group is a methyl group (claim 10). 
[0024] 

They are one or more compounds chosen from the group which consists of 1 -methyl imidazole, 4-methyl 
imidazole, 2-ethyl-4-methylimidazole, 1 -methyl pyrazole, 1 and 2, 4-triazole, and 5-methyl-benzimidazole 
as said desirable nitrogen-containing compound concretely (claim 11). 
[0025] 

Moreover, it is desirable that said organic acid is a carboxylic acid (claim 12). 
[0026] 

And it is desirable to have the gelation ingredient which consists of a high molecular compound (claim 13). 
According to this configuration, a proton exchanger with self-hold nature can be obtained. It is desirable that 
this gelation ingredient contains a polar group (claim 14). According to this configuration, proton 
conduction ability can improve and the fuel cell of high performance can be obtained. Moreover, it is also 
desirable to have the reinforcing materials compound-ized by said ionic liquid (claim 15). According to this 
configuration, the proton exchanger of the thin film is obtained with high intensity, and the output of a fiiel 
cell can be improved. 
[0027] 

It explains to per description and also the detail of an acid-base reaction of this invention. For example, 
when equimolar mixing of an acetic acid (it omits Following AA) and the methyl imidazole (it omits 
Following MI) is carried out, a lifting salt is formed for an acid and base neutralization, this invention 
person etc. checked that the equimolar mixture of AA and MI formed the neutralization salt. Equimolar 
mixture shows elevated-temperature thermal stability peculiar to an ionic liquid. Moreover, since the ionic 
liquid of a low-melt point point is obtained even if it changes suitably the presentation ratio (mole ratio) of 
MI to AA, this can be used as a proton conduction medium. 
[0028] 

As mentioned above, the view of the ionic liquid used for the proton exchanger for fiiel cells of this 
invention designs the liquefied matter of a low-melt point point at an acid and a base reaction by setup of a 
mole ratio, and the description is in the point using this as a proton conduction medium. At this point, the 
design of the ionic liquid in the case of this invention reduces a Coulomb interaction (deltaHm) in order to 
reduce the melting point (Tm) as shown in a formula (Tm=delta Hm/delta Sm), and it differs in thought with 
the fundamental view of the usual ionic liquid of increasing entropy (deltaSm). 
[0029] 

Furthermore, it is characterized by the proton exchange film of this invention which solves the above- 
mentioned technical problem consisting of the above-mentioned proton exchanger (claim 16). And it is 
characterized by the fuel cell of this invention which solves the above-mentioned technical problem carrying 
out two or more laminatings of the fuel cell eel which consists of a separator which **** the reaction pole 
which **** both sides of the solid polymer electrolyte which consists of the above-mentioned proton 
exchange film, and this solid polymer electrolyte, and this reaction pole (claim 17). 
[0030] 

[Embodiment of the Invention] 

The proton exchanger, proton exchange film, and fuel cell of this invention are explained at a detail based 
on an operation gestalt below. A proton exchanger has the shape of liquefied thru/or a solid-state (gel). The 
proton exchange film makes a proton exchanger the shape of a solid-state (gel) by a certain approach, and 
produces a film. A fuel cell adopts the proton exchange film as an electrolyte. 
[0031] 

(Proton exchanger) 

The proton exchanger of this invention is explained to a detail below based on an operation gestalt. Even if 
this proton exchanger is the proton exchange film formed in the shape of a film, the gestalt which filled up 
the U tube etc. with the ionic liquid is sufficient, and the gestalt is suitably chosen according to the purpose 
of use. It is desirable to produce a film, in using for a fuel cell, and to consider as the proton exchange film. 
[0032] 

The proton exchanger of this operation gestalt consists of ionic liquids obtained by the acid-base reaction of 
an alkali and an organic acid. An acid-base reaction means dissolving or mixing and making an acid and a 
base react here. 
[0033] 

As for an alkali and an organic acid, it is desirable that neutralizing by mixing or an organic acid exists 
superfluously on mol criteria rather than basic goods. Moreover, the rate of an ionic liquid is more than 90 
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mass % preferably more than 80 mass % on the basis of the whole proton exchanger. Proton conductivity 

improves within the Umits of this. 

[0034] 

As for a proton exchanger, it is more desirable to have the proton conductivity more than 2x10-4 S/cm 

(room temperature) in ordinary temperature and the condition of not humidifying. 

[0035] 

An organic base can be illustrated as an alkali. Specifically, a cyclic compound is mentioned. Although 
there is especially no limitation in the atom in which basicity is shown, what contains two or more N atoms 
at least is desirable. As for an alkali, it is desirable to have proton exchange ability. 
[0036] 

As an example of the alkali which is a cyclic compound An acridine, benzothiazole, benzimidazole, 1 and 2, 
3-benzotriazol, A carbazole, cinnoline, a dibenzofuran, 1, 1 0-phenanthroline, Phenothiazin, a flavone, a 
quinoline, an isoquinoline, a coumarin, a pudding, Benzofuran, Indore, thio naphthalene, s-triazine, s- 
trithiane, A pilus azine, a pyrimidine, 1 and 3, 4-thiadiazole, a 4H-pyran, A pyridine, an imidazole, a 
pyrazole, 1 and 2, 3-triazole, 1, 2, 4-triazole, 1 and 2, 3-OKISA diazole, oxazole, A thiazole, pyrazine, a 
pyrene, pyridazine, a piperidine, 2-pyrazoline, Pyrazolidine, 3-pyrroline, a pyrrolidine, 1, 3-dioxolane, A 
cyclopentane, a fiiran, a pyrrole, para dioxane, morpholine, Quinoxaline, 4 and 4(- TORIMECHI range 
pyridine, piperazine, and *4, 40-trimethylene dipiperidine, 1 -(3-aminopropyl)- The compound with which a 
part of an imidazole, 1 and 3, 5-triazole, etc. and hydrogen of these cyclic compounds were permuted by the 
alkyl group is mentioned. An alkyl group does not ask the shape of a straight chain, and the letter of 
branching. As for the carbon number of an alkyl group, 1-4 are desirable, 1 (methyl group) or 2 (ethyl 
group) is still more desirable, and especially its methyl group is desirable. One kind may be independently 
used for the compound of the above-mentioned instantiation, and two or more sorts may be mixed and used 
for it if needed. 
[0037] 

Since a pyrazole, 2-pyrazoline, pyrazolidine, an imidazole, 1 and 2, 3-OKISA diazole, 1 and 2, 3-triazole, 1 
and 2, 4-triazole, 1 and 3, 4-thiadiazole, pyridazine, a pyrimidine, pyrazine, a piperazine, 1,3,5-triazine, 
benzimidazole, a pudding, SHINORIN, quinoxaline, 1, 10-phenan SURORIN, and the alkylation body of 
these compounds are excellent in thermal stability and hydrophobicity among the cyclic compounds of the 
above-mentioned instantiation, it is still more desirable. 
[0038] 

An organic acid is a compound which has the proton dissociable group which has an aromatic series system 
and an aliphatic series system hydrocarbon in a frame, and are things by which a proton dissociable group is 
constituted from C, H, and O, such as a COOH radical and an OH radical, at least preferably. As a concrete 
organic acid, carboxylic acids which have an aromatic series system and an aliphatic series system 
hydrocarbon in a frame, such as monocarboxylic acid and dicarboxylic acid, are mentioned. As an example 
of a carboxylic acid, formic acid, an acetic acid, a propionic acid, boletic acid, a phthalic acid, etc. are 
mentioned. Desirable things are formic acid, an acetic acid, and a propionic acid among these acids. These 
may be mixed and used. The monomer which forms a natviral thing and a polymer is sufficient as low- 
molecular [ general ] being sufficient as an organic acid, and it may be a polymer. 
[0039] 

Here, that in which an alkali and an organic acid have the melting point of 20 degrees C or less is desirable. 
For example, they are a formic acid (melting point of 8.4 degrees C) / 1 -methyl imidazole (melting point of - 

60 degrees C). 
[0040] 

An ionic liquid is matter which consists of only ion which has the melting point in the temperature near a 
room temperature as mentioned above. The melting point of an ionic liquid is mainly decided by structure 
distortion by the unsymmetrical structure of an organic cation. As an alkali, many materials designs are 
possible by using unsymmetrical cations, such as imidazolium, pyridinium, ammonium, and phosphonium. 
[0041] 

Furthermore, as for this proton exchanger, it is desirable that it is hydrophobicity in order to reduce the 
solubility to water. In order to give hydrophobicity to the proton exchanger of this operation gestalt, **1 **2 
which adds a hydrophobic compound to a proton exchanger It can attain by carrying out the polymerization 
of the hydrophobic compound in a proton exchanger etc. Although especially the approach of carrying out 
the polymerization of the hydrophobic compoxmd in a proton exchanger is not limited, when it has a 
polymerization radical, a polymerization reaction can be advanced by the proper polymerization initiator 
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(thermal polymenzation, optical (ultraviolet rays) polymerization) and the independent exposure of a high 
energy Ime. It is desirable to adopt photopolymerization from the ease of reaction control. In addition the 
hydrophobic compound of the amount of macromolecules is dissolved into a proton exchanger and a' 
hydrophobic compound can be introduced into a proton exchanger by making a bridge construct by the 
^xposure of high energy lines, such as an X-ray, a gamma ray, and ultraviolet rays. 

As a hydrophobic compound to add, a long-chain alkyl compound, a wax, silicon compounds (silicon (meta) 
acrylate polymer etc.), fluorine compounds (a fluoro (meta) acrylate polymer, a long-chain alkyl acrylate 
polymer, a polybutadiene urethane (meta) acrylate polymer, ionic liquid containing a screw 
(tnfluoromethane sulfonyl) amide, etc.), and the compound that combined polymerization radicals, such as a 
vinyl group and an acrylic (meta) radical, with these compounds are mentioned. Two or more kinds may use 
these, mixing. 
[0043] 

Desirable things are silicon compounds (silicon (meta) acrylate polymer etc.), fluorine compounds (fluoro 
(meta) acrylate polymer etc.), a long-chain alkyl compound, polybutadiene urethane (meta) acrylate 
poljoners (alkyl ether, alkyl ester, alkyl (meta) acrylate polymer, etc.), a screw (tnfluoromethane sulfonyl) 
amide, etc. among hydrophobic compounds. 
[0044] 

The proton exchanger of this operation gestalt is usefiil also as a gel electrolyte or a polymer electrolyte 
Moreover, even when adopting the proton exchanger of this operation gestalt as proton exchange film oifa 
fuel cell the one where gestalt stability is higher is desirable. For example, a gelling agent can be added to a 
liquefied proton exchanger, and it can gel, or the gestalt stability of a proton exchanger can be improved by 
making a liquefied proton exchanger immersed into reinforcing materials 
[0045] 

As a gelling agent, **1 The monomer in which a polymerization is possible with light or heat, **2 The 
compound, **3 which can form the poly ion complex A thermoplastic macromolecule, **4 Ion exchange 
resin etc. is mentioned. 
[0046] 

**llt is alike and an ultraviolet-rays hardenability monomer is mentioned as a desirable example as an 
usable monomer. As ultraviolet-rays hardenability resin, a photopolymerization mold and an optical bridge 
formation mold are mentioned. As a former monomer, an acrylate (meta) system, a vinyl system, a nylon 
system, an en addition reaction system, and an unsaturated polyester system are mentioned. As a latter 
example, a metal ion dichromic acid mold and an optical dimerization mold are mentioned. Among tiiese 
(meta) an acrylate system and a vinyl system are desirable. The acrylate (meta) of many organic fimctions 
may be used if needed. 
[0047] 

As for the polymerization initiator used for ultraviolet curing, a benzoin ether system, a ketal system, an 
acetophenone system, a benzophenone system, and a thioxan ton system are mentioned. These may be 
[0048]^*^ "sed. A benzoin ether system and a benzophenone system are [ among these ] desirable. 

**2 The combination of the poly cation and the poly anion can be illustrated as a compound which can form 
** poly ion complex. A polyacrylic acid amide salt can be illusti^ted as a poly cation, and polyacrylate can 
be illustrated as a poly anion. 
[0049] 

**3 Although not limited especially as **************^ it can illustrate as what has the desirable polymer 

illustrated as a hydrophobic compound mentioned above. 

[0050] 

**4 Especially ** ion exchange resin is not limited. For example, fluorine system ion exchange membrane 
like Nafion (trademark) is mentioned. The proton exchanger of this liquefied operation gestalt is made to 
contain in these ion exchange resin, this invention persons found out that the proton exchanger which 
incorporated the nonaqueous solubility (water-insoluble natiire) ionic liquid in which the description of a 
hquid IS shown in basic structure was excellent in tiie still larger range as a proton exchanger for fijel cells 
while finding out that various ionic liquids were usefiil as a proton conduction medium paying attention to 
existence of the water in the Nafion film working as a base to a proton. That is, also in the temperature field 
which cannot use water as a proton conduction medium, the proton exchanger became usable by using an 
ionic hquid instead of water. In that case, the ionic liquid which has hydrophobicity found out excelling as a 
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proton exchanger for fuel cells. 
[0051] 

As for a gelling agent, it is desirable to contain a polar group. For example, a carboxyl group, a metal salt, a 
phosphoric acid, a sulfonic acid, etc. are mentioned as a polar group. The polymer of the vinyl compound's 
(a vinyl-2-pyrrolidone, 1 -vinyl imidazole, 2-methyl-l -vinyl imidazole, etc.) containing the acrylate polymer 
which has a polar group as a desirable gelling agent (meta), or nitrogen is mentioned. Two or more kinds 
may use these, mixing. Furthermore, as a desirable gelling agent with a polar group, a carboxyl group 
content (meta) acrylate polymer, a phosphoric-acid radical content (meta) acrylate polymer, and a sulfonic 
group content (meta) acrylate polymer can be illustrated. 
[0052] 

The content rate of a gelling agent exceeds 3 mass % on the basis of the whole proton exchanger, it is 
desirable that it is the range below 20 mass %, and it is the range of 5 - 15 mass % more preferably. Within 
the limits of this, there is almost no effect on proton conductivity. 
[0053] 

Moreover, this proton exchanger can have reinforcing materials. Reinforcing materials have the operation 
which improves the reinforcement of a proton exchanger by being contained in a solid-state or a gel proton 
exchanger. In addition, although the boundary of the gelling agent and reinforcing materials who mentioned 
above may not be clear, if it is the compound which can solidify or gel a proton exchanger and can be high- 
intensity-ized as a result, it is included in either. Typical things are porous membrane, a filler, etc. as 
reinforcing materials. Reinforcing materials's rate is below 5 mass % on the basis of the whole proton 
exchanger, and is below 3 mass % preferably. Within the limits of this, there is almost no effect which it has 
to proton conductivity. 
[0054] 

If the example as reinforcing materials is given, the macromolecule porous membrane currently used for the 
cell or the capacitor as a separator will be mentioned. Rayon, polyolefine, polyester, a polyamide, a 
fluororesin, etc. are mentioned as the quality of the material of porous membrane, among these rayon, 
polyolefine, polyester, and a fluororesin are desirable. A nonwoven fabric, a film, etc. are mentioned and the 
gestalt of porous membrane has especially a desirable nonwoven fabric from reinforcement and a viewpoint 
of proton conductivity. 
[0055] 

The approach of compound-izing reinforcing materials to a proton exchanger can illustrate the approach of 
infiltrating a proton exchanger into reinforcing materials simply, the approach of infiltrating reinforcing 
materials and carrying out the polymerization of the proton exchanger containing the monomer in which a 
polymerization is possible, and the method of infiltrating into reinforcing materials the compound which can 
form ion complex. The same compound as what was explained with the above-mentioned gelling agent as a 
compound which can form ion complex in the monomer and polymerization method in which a 
polymerization is possible, and a list is employable. It can carry out by contacting the proton exchanger 
which contains the poly cation as an approach of forming ion complex, and the proton exchanger containing 
the poly anion. 
[0056] 

(Proton exchange film) 

The proton exchange film of this operation gestalt produces the proton exchanger mentioned above. This 
proton exchange film is obtained by producing a proton exchanger, solidifying or gelling, and/or it solidified 
or gelled, since a proton exchanger can be solidified or gelled by adding reinforcing materials and a gelling 
agent as mentioned above. It is not limited especially as an approach of producing a film, but the usual 
approach can be adopted. 
[0057] 

As for the proton exchanger applied to the proton exchange film for fuel cells, it is desirable not to be eluted 
by existence of water, i.e., for it to be water- insoluble nature. That is, in order for a proton exchanger to 
show hydrophobicity, it is desirable for either of the constituent to be hydrophobicity at worst. Since the 
concrete contents which make a proton exchanger water-insoluble nature are as the column of a proton 
exchanger having explained, they are omitted. 
[0058] 
(Fuel cell) 

The fuel cell of this operation gestalt is mainly PEFC. The fuel cell of this operation gestalt forms the stack 
which carried out two or more laminatings of the fuel cell cel. And the proton conductivity film mentioned 
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above as a solid polymer electrolyte is used. The gas transfer unit which supplies fuel gas and oxidizer gas, 
respectively is connected to the reaction electrode of the both sides which sandwiched the solid polymer 
electrolyte from the near separator which corresponds, respectively. And using air as oxidizer gas can 
illustrate, respectively, using hydrogen gas as fuel gas. 
[0059] 

The fuel cell eel of this fiiel cell has the structure which ****(ed) with the separator the both sides of ME A 
which ****(ed) by the diffusion layer fiirther, after ****(ing) the both sides of a solid polymer electrolyte 
with a reaction electrode, 
[0060] 

It is not limited especially about a reaction electrode, but is usable in the usual thing. For example, it is 
possible to use the catalyst which distributed the alloy of platinum or platinum on carbon powder. For 
example, a reaction electrode can be formed for this catalyst by remaining as it is or mixing with a binder 
etc. and producing a film on a solid polymer electrolyte front face. The above-mentioned proton exchanger 
can also be produced on the front face of an electrode on the contrary. 
[0061] 

A diffusion layer can use the mixture of common carbon powder and water-repellent macromolecule 

powder, for example. 

[0062] 

The thing of the quality of the material for which the separator is generally also used, and a gestalt can be 

used. Passage is formed in a separator, and a means to remove the reactant gas which did not react, and the 

generated water is connected at the same time the gas transfer unit for supplying reactant gas to the passage 

is connected. 

[0063] 

[Example] 

(Hydrophobic check of a proton conductor) 

The hydrophobicity of a proton conductor was checked by carrying out phase separation, after carrying out 

mixed stirring with water. 

[0064] 

(Proton conductivity measurement) 

Proton conductivity measurement was measured by the altemating current impedance method. 

[0065] 

[Trial 1] 

The trifluoroacetic acid (melting point of -15.3 degrees C) as an organic acid, a formic acid (melting point of 
8.4 degrees C), An acetic acid (melting point of 16.6 degrees C), a propionic acid (melting point of -20.8 
degrees C), boletic acid (the melting point of 300-302 degrees C; inside of the sealed tube), A maleic acid 
(melting point of 133 degrees C), a citraconic acid (melting point of 7-8 degrees C), a succinic acid (melting 
point of 188 degrees C), A benzoic acid (melting point of 122.5 degrees C), o-phthalic acid (the melting 
point of 191 degrees C; inside of the sealed tube), a salicylic acid (melting point of 159 degrees C), and an 
acrylic acid (melting point of 14 degrees C), the mole ratio which shows the imidazole as an alkali in Table 
2 in an inert gas ambient atmosphere — weighing capacity — heating fusion was mixed and carried out and 
the proton exchanger as an ionic liquid was obtained. Proton conductivity (mScm-1) is shown in Table 2 (23 
degrees C), 3 (70 degrees C), and 4 (120 degrees C) about those proton exchangers, respectively. In 
addition, s in Table 2-4 shows that the product in the temperature is a solid-state, and shows that s/1 is the 
mixture of a solid-state and a liquid. 
[0066] 
[Table 2] 
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[0067] 
[Table 3] 
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[0068] 
[Table 4] 
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[0069] 
[Trial 2] 

the mole ratio which shows the trifluoroacetic acid as an organic acid, a formic acid, an acetic acid, a 
propionic acid, boletic acid, a maleic acid, a citraconic acid, a succinic acid, a benzoic acid, o-phthalic acid 
and a salicylic acid, and 1 -methyl imidazole as an alkali in Table 5 in an inert gas ambient atmosphere - 
weighing capacity - heating fusion was mixed and carried out and the proton exchanger as an ionic liquid 
was obtained. Proton conductivity (mScm-1) is shown in Table 5 (23 degrees C), 6 (70 degrees C), and 7 
(120 degrees C) about those proton exchangers, respectively. In addition, s in Table 5-7 shows that the 
product in the temperature is a solid-state, and shows that s/1 is the mixture of a solid-state and a liquid. 
[0070] 
[Table 5] 
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[0071] 
[Table 6] 
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[0072] 
[Table 7] 
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[0073] 
[Result] 

The result of trials 1 and 2 showed that proton conductivity improved, so that temperature becomes high. 
And compounds desirable as an organic acid were the formic acid in which proton conductivity is shown 
also at a room temperature (23 degrees C), an acetic acid, a propionic acid, a citraconic acid, a succinic acid, 
a benzoic acid, o-phthalic acid, a salicylic acid, and an acrylic acid. Especially, proton conductivity with 
expensive formic acid, acetic acid, and propionic acid was shown. 
[0074] 

Although it could not generally say any are excellent about an imidazole and 1 -methyl imidazole as an alkali 
with a mixing ratio with the organic acid and organic acid to combine, the proton conductivity which was 
excellent whichever it adopted was shown. As for the imidazole, what has proton conductivity higher [ 0.5 
or more ] than 1 -methyl imidazole had many values of / (alkali) (alkali + organic acid) at 70 degrees C and 
120 degrees C. 
[0075] 

As a desirable combination, they are a formic acid and an imidazole, a formic acid, and 1 -methyl imidazole, 
a (alkali) — the value of / (alkali + organic acid) — 0 — super- — less than 0,5 are desirable, 0.2 or less [ 0.05 
or more ] are more desirable, and 0.1 especially or less [ 0.05 or more ] are desirable. 
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[0076] 

And the combination of an acetic acid and an imidazole is also desirable, a (alkali) — if the value of / (alkali 
+ organic acid) thinks the proton conductivity at the time of a room temperature as important — 0 — super- - 
less than 0.7 are desirable and 0.6 or less [0.1 or more ] are more desirable. From the result of 70 degrees C 
and 120 degrees C, it is employable as a value of (alkali)/(alkali + organic acid) to a higher value (it is or 
less 0.9 extent at or less 0.7 extent and 120 degrees C in 70 degrees C). When all to 23 degrees C - 120 
degrees C are taken into consideration, 0.6 or less [ 0.5 or more ] are desirable. 
[0077] 

Moreover, the combination of an acetic acid and 1 -methyl imidazole is also desirable, a (alkali) — the value 
of / (alkali + organic acid) ~ 0 — super — less than 0.6 are desirable, 0.5 or less [ 0.05 or more ] are more 
desirable, and 0.2 especially or less [0.1 or more ] are desirable. 
[0078] 
[Trial 3] 

It replaces with the imidazole as an alkali, using an acetic acid (AA) as an organic acid. 4-methyl imidazole 
(4MI), a 2-ethyl-4-methyl imidazole (2E4MI), Except having used 1 -methyl pyrazole (IMP) and 1-2-4- 
triazole (Tr)5-methyl benzimidazole (5MBI), respectively, the same actuation as trial 1 was performed, and 
the proton exchanger as an ionic liquid was created. The proton conductivity (sigma/Scm -1) of the obtained 
proton exchanger is shown in Table 8. 
[0079] 

[Trial 4: conventional example] 

It replaced with AA/IMI, and except having used screw (trifluoromethane sulfonyl) imido acid (HTFSI) and 
an imidazole (Im), the same actuation as trial 1 was performed, and the proton exchanger was obtained. At a 
room temperature (23 degrees C), it was a solid-state and was not an ionic liquid. The proton conductivity 
(sigma/Scm -1) of the obtained proton exchanger is shown in Table 8. 
[0080] 
[Table 8] 
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[0081] 
[Result] 

The result of trial 3 showed that various compounds were employable as an alkali. Moreover, the result of 
the conventional example shown in trial 4 showed that the proton exchanger of this invention excelled the 
conventional example in proton conductivity. 
[Trial 5] 

the inside of ionic liquid A A / lMI(mole ratio 5:5) 10 section — a gelling agent (the ethylene glycol 
dimethacrylate (EGDMA) as the methyl-methacrylate (MMA) 20 section and the cross linking agent as a 
monomer — the 0.04 sections) After pouring in the solution which added the azobis butyronitrile 
(azobisuisobutironitoriru) 0.03 section as a polymerization initiator between the glass plates which counter 
through the spacer of thickness (0.5mm), by heating, the radical polymerization reaction advanced and the 
proton exchange film (proton exchanger) was obtained. Proton conductivity and a hydrophobic result are 
shown in Table 9. 
[0082] 
[Trial 6] 

The gelling agent (what dissolved beforehand the 20 sections, the trimethylolpropanetrimethacrylate 0.4 
section as a cross linking agent, and the benzophenone 0.4 section as a polymerization initiator for the 
butoxy ethyl acrylate as a monomer) was added in the ionic liquid AA / lMI(mole ratio 5:5) 100 section, by 
irradiating ultraviolet rays (80Wcm-l [ ultraviolet ray lamp x2]) more than for 10 minutes, the 
polymerization was carried out and the proton exchange film (proton excheuiger) was obtained. The result of 
proton conductivity and hydrophobicity is shown in Table 9. 
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[0083] 
[Trial 7] 

The gelling agent (what dissolved beforehand the 2-acrylamido-2-methyl-propane-sulfonic-acid 20 section 
as a monomer which introduced the polar group, and the isobutyl benzoin ether 0.4 section as a 
polymerization initiator) was added in the ionic liquid AA / lMI(mole ratio 5:5) 100 section, and the 
polymerization of the ultraviolet rays was irradiated and carried out to it like the above. The result of protoi 
conductivity and hydrophobicity is shown in Table 9, 
[0084] 
[Trial 8] 

The sheet made from the polytetrafluoroethylene as reinforcing materials (70 micrometers in thickness, 
specific gravity 0.57) was used. What dissolved the gelling agent (a polyene / poly thiol 
(ADEKAOPUTOMA BY-300: product made from the Asahi electrification) 20 section) was sunk in into 
AA / lMI(mole ratio 5:5) 100 section at this. This was irradiated and was made to harden ultraviolet rays 
like the above from both sides of a sheet. The result of proton conductivity and hydrophobicity is shown in 
Table 9. 
[0085] 
[Table 9] 
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[0086] 

Even if the proton exchanger of this invention formed a macromolecule matrix and gel and fabricated them 
on the film-Hke proton exchange film so that clearly from Table 9, while proton conductivity sufficient at a 
room temperature was shown, hydrophobicity was shown and, as for each proton exchange film, it turned 
out that it can use as a proton exchanger for fiiel cells. 
[0087] 
(Fuel cell) 

The appraisal method as a fiiel cell of the proton exchanger for fiiel cells of this invention is explained. 
When hydrogen was blown to the ability of a current value to hardly check when the platinum electrode of a 
pair is dipped in the proton exchanger of trial 2 (AA: 1MI=9: 1 (mole ratio)), hydrogen and nitrogen are 
blown into one electrode, and nitrogen is blown, the current value was proportional to a eel electrical 
potential difference, and air bubbles were checked in the counter electrode. From this, it is confirmed with 
an anode (operation pole which blew H2) that the fixel cell reaction has occurred. This result shows that H2 
exists as an electrode active material in Pt electrode, and AA / IMI complex electrolytic solution while 
meaning that AA / IMI complex shows proton conductivity. Moreover, it became clear for the balance to be 
materialized in AA/IMI complex |H2|Pt, and to give the stable potential as a hydrogen electrode also from 
the linearity of the current value over a eel electrical potential difference. 
[0088] 

If the electrode reaction in an anode and a cathode is expressed as follows. 
Anode H2+2 (IMI) -> 2(lMI-H-f) +2e - 
Cathode 2(lMI-H+)H-2e- -> 2(1MI)+H2 

It is thought that a next door and electrode top and an inter-electrode activity proton exist in the form of 1 
MI-H+. As shown in drawing 1 R> 1, when it blew hydrogen into an anode and oxygen was blown into a 
cathode, open electromotive force 0.9 V and 350micro of short-circuit currents A were acquired. 
When the flow of the 02 gas was carried out in a cathode from this, the above-mentioned anode and the 
electrode reaction of a cathode continued and occurred in stability, and it has checked discovering the 
fiinction as a ftiel cell. 
[Brief Description of the Drawings] 
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[Drawing 1] It is the graph which showed the current potential property of the simple fuel cell created in the 
example. 

[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 2/1 4/2005 



JP,2005-044548,A [DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and NCI PI are not responsible £or any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
1.0 r 




0.0 



0.0 



Current / mA 



[Translation done.] 



http ://www4 . ipdl .ncipi . go .j p/cgi-bin/tran_webcgi_ej j e 



12/14/2005 



PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 2005-044548 
(43)Date of publication of application : 1 7.02.2005 



(51)Int.CI. 



H01M 8/02 
H01B 1/06 
H01M 8/10 



(21) Application number : 2003-200740 

(22) Date of filing: 23.07.2003 



(71) Applicant 

(72) Inventor : 



TOYOTA MOTOR CORP 



TAKAMI MASAYOSHI 
YOSHIDA TOSHIHIKO 
TANIGUGHI TAKUMI 
OSAWA TOSHIYUKI 
MATSUDA TOSHIHIKO 



(54) PROTON EXCHANGE BODY, PROTON EXCHANGE RLM. AND FUEL CELL USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a proton exchange body and a proton exchange film 
consisting of an ionic liquid which demonstrate a high proton conductivity without depending on 
the existence of water and which is stable and can be used suitably as a proton exchange body 
of a fuel cell. 

SOLUTION: The proton exchange body comprises an ionic liquid which is obtained by acid-base 
reaction of ah alkaline substance that is one or more of a compound selected from a group 
made of 1 -methyl imidazole, 4-methyl imidazole, 2-ethyl-4-methyl imidazole, 1 -methyl pyrazole, 
1,2,4-triazole. or 5-methyl-benzimidazole with an organic acid. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.go jp/PAl /result/detail/main/wAAApEaOLJDA41 7044548... 2005/1 1 /21 



(i9)H»ii«aif(jp) a2)ii 13 *t 4i S(A) (iDityFaiiis^ws^ 



!^Bi2005-44548 
(P2005-44548A) 
(43)&9BB ?«174^17B (2005.2. 17) 



(51) Int. CI. ^ 




F 1 






{^^) 


H01 M 


8/02 


HO 1 M 


8/02 


P 5G301 




H01 B 


1/06 


HO 1 B 


1/06 


A 5H026 




H01 M 


8/10 


HO 1 M 


8/10 
















(21) tti)S#^ 




i|^SS2003-200740 (P2003 -200740) 


(71) ffijffiA 


000003207 




(22) miBB 




^^15^7^235 (2003. 7.23) 




























100081776 
























mm: 


































(72)^B^# 


^^▼E mm 


































(72)^B^# 











































(54) mm<D^m '^^h>^9ii$. :f^h>^mRRv^^^im^^rcmnmm 



(57) 

- X - 4 - ^ ^ ^ , 1 - 5^ ;U tT ^ V , 1. 2. 4:-h^JT'/-)V 



(2) 



JP 2005-44548 A 2005.02.17 



[ !|f fp It :R W iS H ] 

Hu teigstttiasD^ss 12 wffi^o tfe - 2 0 x: (om h-D m^m i~ 3 
5] 

[W*^ 7] 

si 

Cit^^ 9] 

im^m 10} 

mtzT A^jimti^ $>i>m:^m 9 iziE.m<D ■:fa h >^mw, 

WIB^^^'fb#tiai-^g=-;K = ^«/ — 4 - ^ S. ^ ^/ — Ji' . 2 - JV - 4 
- ^ S. 3^V-)V. 1 - )U \^ ^ V— )V, 1,2. 4 - )> U Z y-Jl' . 5-;»^5^;i. 

[it*:S 13] 

it5^j-^{b^i»*^e;a:syju{b«*jj-$r^-rsi»^si ~i 2 (o -rn \z t^n <n ^ a h > 

[if*^15] 

MiB -f Ji- >mm»^zm■^^t^ n^mmui^-r^m^m i ~ 1 4®ti-rn!6i tciett © n 

[i»*:S16] 

3~ 1 5©ti-rtl*Mcge«©yn S>S!«l«:*i?,;a:SJ:t&#®i:-r5yD h > 
[» 17] 



(3) 



JP 2005-44548 A 2005.02.17 



[ 0 0 0 1 ] 

h>^mi^im\'^rcy^ah>^mmRummm.mizm-t^, 

[0 0 0 2 ] 

[ee*roa«] 

^ii-'f'f a h >^mi*^^nm Ltzm^^'f-m^mmmmmnmm (pefo (s< ^liJ^^ 
*s \>^it^mmmm t v xm^:^^m mit Lrt^s. p e f c ^t7 y - \^ mizmmt lt ® 

-5. 

[0003] 
7/-K@:H.^2H*+2e- 

iJ V - H M : 2 H* + 1 / 2 O ^ + 2 e ■ ^ H , O 

it* Xffi^^, *S *^ e, * §1 # < 7 / - KfiS «T S: bl®M-r-5 T y - 

* V - H M!^ -r -5 * V - HgB/N'-f 7 y 1/ - h If e tl -5 . II 

a S S CO iU fi > *^ CC^BS ft:> <gta Nf<7)@ ^© i6]±;a: -> X 5^ A t b T fc V 
[0004] 

7* □ h >3^^iSfc fi:^- 7 3^ Z'? - 7 a x ;i/ 7 :j- > K it! ^J-^ « d h 

A2TyDh>e^ttdJ7K®#ffi(cfe#-r5rci68 ot:iiCJiCD3iteias-ett*©^Si 
fcj; 0 □ h >&mmi)imis tc^gTrs. *fco'c«T®<£iaic45ViT«ni'f'®**<jti^ 

[0005] 

0'Ct<±©i^ia^-t?«*<75^t5ttCcfcS-i':t>€^45©iST*^e:-r75:Jf), — 7 ;i/ 

[0006] 

U X U > :t + -> K ( P E O ) . <J \d -)], ifn U H > . jJ? U X 5^ U > -f 5 > . X ij* 'J 
75 yzfa\^)V'>adr^-^) ■v:^itmm^S i> tiz ^0i!^7ii-:r a h >mm»iiim 
e.n-5. PEoi'(c:t;uh'j>i[ (h^ po. ) ^ m m l ^ x it mii. (d u h ■> '^m it- 

*J e n T S - n © T iSS e ^ S i& fig -r -5 fC « M -3 T 75: . 
[0007] 

^ tlT S 1 ) . 

[0008] 



(4) 



JP 2005-44548 A 2005.02.17 



[ 0 0 0 9 ] 

(1) ^mH':Si-cm{^-u &^f}i^uizii\.^r %mm.z^^^ f3:\,^ (^»^#) . 

(3 ) T^^X'&i>, 

( 4 ) 1© ff.is -r fl: ^ 69 »c ^ jt ® ^ . 

(5) iS4)-?«lEf®^jpjcd;i3Po lyme r-i n-sa 1 t M (DSH^^MMS^ l&^T 
[0010] 

tiT tt« SrS^-r -f :^ >ttaE#:® MS . 
[ 0 0 1. 1 ] 

[g 1 ] 



(5) 



JP 2005-44548 A 2005.02.17 







Name 


R1 


R2 


R2 


X' 


CO 


CO 


ttet. 




NaCI 
KCI 








CI 
CI 


803 
772 








MMIM 


CH3- 


CH3- 




Gi 


125 








EMIM 
EMIM 
EMIM 
EMIM 
EMIM 
EMIM 
EMIM 
EMIM 
EMIM 


CjHs- 
C2H5- 

C2H5- 

C2H5- 
C2H5- 
C2H5- 
G2H5- 


£££££££££ 
ooooooooo 


— 




CI 

N02 
N03 
C2H5S04 

AlCU 
BF4 

CCF3S02)2N 

CF3SO3 
CFaC02 


87 
55 
38 

7 
6 

-3 
-9 
-14 


— 

30O 
40O 

— 






PMMIM 


C3H7- 


CH3- 


CH3- 


(CF3S02)2N 


-81 








BMIM 
BMIM 
BMIM 
BMIM 
BMIM 


C4H9- 

C4H9- 
C4H9-* 


CH3- 
CH3- 
CH3- 
CH3- 
CH3- 




CI 

PFe 
NO3 
CFaSOa 
BF4 


65 

mm 

16 


- 

350 
300 






OMIM 
OMIM 




CH3- 
CH3- 




PFe 
BF4 


MS. 








«i R3 


— 






o 


N-bupy 








BF4 








k 


















p 




7'f)l 


R4 




-h 


62 






?: 

Ra— P*— R4 
R3 




RI-'RS 


R4 






70 





[0012] 

^«ittfF3ti« 1 jctt, yv-)immizmr^wmo:>mm-<''>^mm (n i t r o g e n 

bases) fc^^SU. ^ ^ ^ - 7. ^ K t X Jl7i^ > ^ ^ ]^ ^ ^ h L f^m^ m. 

-h (^;l.Jt3:l) -7cM^!^(Dm^. &mmn2 S'CitZX 1 0- ' • . cm- 

[001 3 ] 

ft5:i:5). ZitiJitm ' mm'EjVitX 1 : 9 (D t C :b \z zf a h > & m (D \^ - ^ tE^ ^ 

o Lf)^i.f3if)^ ^^^^^^^-^^ ^fzubF c m ^ Lx mi^ ^\z\t/\> }i > ^± (Dmm 

[0014] 



(6) 



JP 2005-44548 A 2005.02.17 



[1$.flF3ti^l]4$S2000-5081 14^^S 
[#fFS:^2] 2 0 00-5 1 7 4 6 2 ^^^m 

[^#ff5:S^l]K. D. Kreuer^. Sol id State Ionics. 9 
4#, 55:^. 1997^ 

li^^nycm 2 ] R . T, Carl in^), J. Elect rochem. Soc. 14 
1#. L73]S,1994^ 

[#^1#fF5:ffi3]C. NanjundiahS. J. Electrochme. Soc. 
144#. 3392J®, 1999^ 

[#^#fFS:fiS4]N. Papageorgiou^. J. Electrochem. So 
c. > 143#, 3099^, 1996^ 

[#^#fF35:fi«5] K. D. Kreuerf), Elec t rochimi ca Ac ta. 
43 1281:^. 1998^ 

[0015] 

>Bm^^m^T ^ h t h^z . m.nmmm<^yuh>^mi^tLx^^xit^mizm\^^^z. 
tcDx^ ^ y^^wti- ^^^^ uv i^^Wk^. V >^^m^n^n^m ^^^t^m^t 

[0016] 

*5^^#e>fi, -tiei^^^^^T^ gWT^^^f^^it ^^mo:>^ ^y^WLW 

izm-Df^. 

[0017] 
[0018] 

m^^^mr ^<Dx . mmmmmcD ':ra h >^m^ h l x^m^zm :i l <dx^ ^zf u 

h^it^mx}^ r) . ^^b<t^7 0x:^^Tc75i!i.'[^$^o{b^«trfeO,cfcD»*b< 
\t2 5X:UT<Dmj^?^^r:>it^^X^^ . 
[001 9 ] 

mt^mmik^mtmm^mmh^^m'e)iM'^^nxi^^^ zh^m^i^i^^ (it*^2) . * 

^mf)^x^^. mrc. mmmmmf)^mmmm^!^mizM \.x ^jvmmxmm^z^&'r^ :i 
thitf^Lt.^ (if*^ 3 ) « 

[ 0 0 2 0 ] 
[ 0 0 2 1 ] 

mmmiz mm vrzm'^o t:±m ^zmm-r ^ tib^x ^ ^ . rs:^. ■ ^ yu h >^m# f)^ 
my^iix^^] t^tmm(D7i<i (2or) iiu^mi^Lx hm^m-r^c t^\.^z>o 

[ 0 0 2 2 ] 



(7) 



JP 2005-44 5 48 A 2005.02,17 



[ 0 0 2 3 ] 

^i^x& ^ z:.tf)m^L < (m^ms) . ii^±(Dy)U=^jvm^h~D:itf)^J:r)^^i.\,^ 

(m^m 9) . w \z n (D T ji =^ ji^ m {t ^ ^ )u mx ^ ^ ^ t B ^ L ( m ^ m 1 0 ) « 

[ 0 0 2 4 ] 

V*-;l/, 2 - X^;U - 4 - ^ ^ 1 - ;?< 3^ Jl- t' ^ y - ;)/ . 1, 2. 4-h 

^ ( It^ 1 1 ) „ 
[ 0 0 2 5 ] 

[ 0 0 2 6 ] 

m^^Mt^^htl^n^X.^^^ (it*:S 14) . *:«j*(cJ:ntfyPh>e««l75i«f5l±bS5 
-r -5 C <h * L 1.^ (li*:Sl5) o :^«^fCctnti\ ^ ?S S » 1^ M ^ n h > #: 

[ 0 0 2 7 ] 

.^i: ^5ti^.L;^Cc < ^ > ^ 4# # c7) ^ ^ ^ ^ «, ^ , 

AAfCMT^M 1 c^m^i:t: M :i: ^ ft ^ it T t> . ii; ffi ^ -f :t > tt T^Mt ^» 

[ 0 0 2 8 ] 

Tn. = AH. / AS. ) \Z^'^n^ m^. (Tm) ^ig;T^ii-'5y^ci6tC^— n>1^ 

Sf^ffi (AH.) ^fiT^it. x>Nntf- (ASm) ^ti:;^$-t5:;5i:t.^ofc, il«OD< 
:t >tt^ft<?) % A* ^: «j;^JS -r ^ ^> CD T ^ o 

[ 0 0 2 9 ] 

^ (If 17). 
[ 0 0 3 0 ] 

)>kT\zi^^^Ao^^u vz^^m^w. ':f u V y-^\^m^xsmvcnm.\z-o \.^xnmw^mz^':5 

[ 0 0 3 1 ] 



(8) 



JP 2005-44 5 48 A 2005.02.17 



mvfcimmT . ^tommit. mm ^^izjt^cm-MiMSi^n^ . mmmmizm^^^m 
^^z\tmmL. zfn h y^mmtr ^ z. ti^^m^i^ 

[ 0 0 3 2 ] 

[ 0 0 3 3 ] 

o±^^m^ tLx s Q wm%u.^. »^L<t^9 o«a%jeA±:-r*s. z.(r>mmnx\t. 

[ 0 0 3 4 ] 

7'nh>32^^*tt#S. mmWi^m\Z^\i^X 2 yi \ 0" * S/cm i^U) \^X±.(D'^u V 
[ 0 0 3 5 ] 

*SStt4^Si: UTtl^«SIS:^^*^(I:^T# So :^ M M S; ft 7&^* ^ 6 n S . S 14 
<£r^-rS^tw#{cS^«;i^U>;&t, ii> ?^ < t> N ig^ ^ 2 <1 JE^ ± $ CD ;&^iff ^ L 1/^ o «S 

[ 0 0 3 6 ] 

^ ^ - ;i/ , 1 , 2 , 3 - -<> y h ij 7 y - ;i/ . :^ ;u A* y - . ^ > 

7^>. 1, io-:7x:h>hDU>. yaiy^T>^>. :7^7}^>. ^yu>. -fv^^y 

. s-hU3^7>> fcrUT>^>, e'J^S^>, 1. 3. A - ^T-JT V-)]^ . 4 H - tf ^ 
y . tf U > . -f ^ y - ;^ , tf V - ;^ , 1 , 2 . 3 - h U T V — ;l/ . l . 2 , 4 - h 
U 7 ^/ - ;i/ . 1 , 2 . 3 - :t ^ it V? 7 y - ;^ , :t ^ 1t ^ - , 5^ T ^/ - ;i/ . t! ^ v > . f 

1/ > . 9 vy. tr ^ u >^ > . 2 - tf ^ y U > . tf ^ ^/ U V > . 3 ~ tf n u > . t! P u 
>^>. 1, 3->^:t^V^>, i^i:7n^>^>, :7^>. fcfn — p->?:t4^'y->> ^ 

:t u > > ^ y ^ -y- u > , 4 . 4 *. - h u ^ ^ > v t: g >^ > . t: ^ ^ > . 4 . 4 ' 
-hU^^u>v?tf-!:u>?>, 1- (3-75y:/uif;u) --fa^y-;!.. i, 3, 5 

^tf^nso r tiig igt*:. ^^-Rt^^ fui^DP^j: v^o (Dg^ 1 ~ 4 7^)^*$? 

^U<. 1 Xfi2 (x^jUS) ;^tM^c$f^U<. ^ S » ^ b i.^ « 

±i5M^ <7){t: , 1 as ViT cfc < . S t:: U T 2 « J£J^ ± b T ffi 

[ 0 0 3 7 ] 

;Uv 1, 2, 3 - ^ ^tl- V-;!/ . 1, 2. S-hUTV'-;!., 1. 2, 4— hUT^/ 

1, 3. 4 ~ ^7 hru^i/*>. hfu^>?>, tf^>^>. h--<^s^>. 

1, 3. 5-hU7>?>. ^ >y'< ^ yu>, y U > . ^y4-1t'J>, 1, 

io->^x:h>xnu>:s:Occ:n^Yt:^ii*co7;i'^;uiimffe»;0^*^^Stt. ^Tktttc^gn 

[ 0 0 3 8 ] 

$nst>(^T*s. M^^^&5 7^j:^tl^ L Tfi^Si^^, 1^ ^ ^ fb 7jc^ ^ # l# it ^ 



(9) 



JP 2005-44548 A 2005.02.17 



ii^m. mm. zfuM-^ym.. ^-^-juk. ^^^p^^ts?^ e,n cn5>ro^w3-^ 

[0039] 

^(16,^8. 4'C)/l-^5^;H'5^V-;i.(iB6,^-60'C)Tfe-5. 
[ 0 0 4 0 ] 

[ 0 0 .4 1 ] 

^iKlS:^SD-r-5. A2T7'D h>3S^»4"-CiS7k'i4{l:-&!ilSa#-rsl?{c:J;0 i^fig-T # -5 
ttigjE/j:S-&reiS§iJ CfiS^. 5t (i^^^) ^. x ^ ^ - ^ © ^ 3$ 

[0042] 

)V^)V7 i7 ^) \y- hm-tW-. 'J ^3' X > 1^ ^ > Ti7iJi/-Kfi 

. n 6 « 2 «!gJW ±ii ^ b Tffiffi UT J; l/J. 
[0 0 4 3 ] 

^*tt'ft;-g-!fecD^-fe$T^Utife©H->ij3>fb-g-#i (vU3> C;*^) T^UU— Fa's- 

'J:/3'5?X>';7U^> (,(^) 7-^,j^_f. Vf X ( h >J 7 D ^ ^7 >7. - 

)V) T 5 F i: T » -5 . 
[ 0 0 4 4 ] 

hmm^^mA^mu:^t)^»^l,i,^, fiS«(© S >3?^# tcy ;^-fb^J2rJ]D;tT'^r• 

^ * f6] Ji 7? ^ -5 . 
[ 0 0 4 5 ] 

^£}^fi)c^^fj:fl:^#|. A 3 T^pIMttSi^i'^ . A 4 T < > 3^ ^ IS Jig ^ *^ # 6 n S . 

[ 0 0 4 6 ] 

T« (^^) 7i7^)U-Vm. x>#JjdK;&?^> ^^?04^Uxx 



(10) 



JP 2005-44548 A 2005.02.17 



[ 0 0 4 7 } 
[ 0 0 4 8 ] 

^ T ^ , 7}f U T n :^ > <h b T 4^ U T ^) )V m&t^ Mt^ X ^ ^ . 
[ 0 0 4 9 ] 

A 3 vc^ pj ^ttl^ffi ^ L.T S4 b i« tK ft ^« ^ LTfiRJ^ b 

[ 0 0 5 0 ] 

3S*t»<£^W$ii-^o ^^m^ ^{t . -r y ^ > m ^ ^ <D & ':r a h > i,zM 

^mmt}^xm\^^x^^^;it\zmE a/r :t >tt fg^^^T^ty n k > mm^mi^ thxm 

mx$>^z.t^M.ihrtt^iz. ^ ^^z jti^^mmxmi^ (Di^^^^r$^7i<m^ c^K^^tt 

TSnri'i^ ii^^tB L}/to t-;^tD-^, -f :t >tt or)ft:b o fc ^ ^ <h t> * 

vx &nx\^^^ z t ^^aib/to 

[ 0 0 5 1 ] 

5^) r ^ u u - hm^^i^^^m^^^-r ^ \z -jvit^m (t* - 2 - tf n u h > , 1- 

- ;k ^ . 2 - ^ 1 h: - ;k 5 y y ->i^^) <7) i^f)^ m^f ^ ti ^ . 

c n e» 2 a ^i^± ^-g- UT ffi^ b T J; . Mtc. ^^ii^^ t>^^s bi^iy^Kkgijch b 
T« . :^ ji^^ ^y #(^^) 7i:7uu-ha-&**:. u>^s^w (^^) 7 ^ \y 

[ 0 0 5 2 ] 

y)i^i\:m(D^^m^{t:/uh>^mi$i±i$i^&mtLx3mm%^m^2 0 mm% &sT (d 

mmx$> ^ tf)^tf!' < . <fc 0 fiF ^ b <fi 5 - 1 5 ® S% -eS -5 o CcOiBHl^T 

[ 0 0 5 3 ] 

^fz. ^y^a h y^mi^ iitm^M^ ^ z. t:^^x ^ ^ o m3MM\ftmi$^jbm\t^'jii^(D-f 
n h y^m^iz^^ti^ z txyu h y is^mi^o:>mm^ i^^-r^i^ fs:^. mm 

^mt^itJbm^t^^jvitx^. m^Mm^tr^ :it^^x^^it^'^x^ni,t^^rtif)^^z^^n 

>^m^^^^mm tLx s mm%uTx^ D . ^ b < 3 as ckd® 

[ 0 0 5 4 ] 

^m^^tLxcDMi^m^m^f^t. mm^^zi yy^y^ - {zn/'^u- t i.x tix 
^m^'F^^imm^^m^f ^n^. ^nmm<DumtLxittu-By. 0 :t uy ^ y. 
uxx7^;i.. 7}^'j7^K. y ^ymmmm^^mi^f ibti. z<Do%v-By. ^^o:tuy^y 

[ 0 0 5 5 ]. 



(11) 



JP 2005-44 548 A 2005.02.17 



:^m. M-^sjmfi'E y-T -^^ttz^a h >^m{^^ mminz ^ ax m-^ ^ -t^t . 

mmoyif )i,itMrsi ft % cot mmoiit^i^iimm-v , 'i:t>u>^u^yi7:^^m 
D s > 32 ^ -a- s c: t J; 0 5 n t # -5 . 

[ 0 0 5 6 ] 

^ o ^zm ^ y )\^ itm ^ m ^ ^ t X a h > ^mi$^ itm ^itJb mit ^' )i- <tr ^ c t Hi 

[ 0 0 5 7 ] 

mnmmma:> -/a h >^m^izmmr ^ zfa h >^m^i,t7i<. co^i^^ iz^ o m m v z: t 

[ 0 0 5 8 ] 

mi±m^ m »^ mi$-mmm^m ^f^mm<D ^mmm iz^n^nmn ^^(.tmitm 

^ mf^-r ^ij :Kmmmmf)^^ ti^ tim jtsT ^ mi<D u- i:)^ mm ^ ^ ^ l 

TM!R;y X <h LT«*^ X i,^ , m itM :)S 7. t I.X ^ m ^ ^ tH^ ^ti^ tlM ^ 
[ 0 0 5 9 ] 

nmm(D mnm m± )nti^^^m^mmm (Dm ^fB^mx mm v ft miz^ e>i,zm 

[ 0 0 6 0 ] 

s^smM tc^ t.iT(i#tc fg^ sn-r . a t> © & <sgffl ^tg t?* -s „ fct^a. *-ji^> 
^^±izB^^&^(Dr a-i ^^m-^ittzmm^mi^^^ z.t7ii-sjmx3b tct^it. c 
(omm^^o^^^h L< itmmmm tm^i.xni»^si»^m^^mxmmr^^ txK 

e 

[ 0 0 6 1 ] 
[ 0 0 6 2 ] 

ic, SJS -3 K jS ;y X 2Si ^ *L.;t*^^£T-5#Si*«MM$n-5. 

[ 0 0 6 3 ] 
[USSW ] 

[ 0 0 6 4 ] 



(12) 



JP 2005-44548 A 2005.02.17 



[ 0 0 6 5 ] 

^mmt LT o h <j y ji^nmm. (wa^ - i 5. a-c) , ^wt (wki^s . 4*0 , mm ( 
Btj^ie. sTC) . ya i^-t >m. i^j^. - 2 0 . st:) . y-^-ji^m (sj^i^aoo-so 

SS (SijS 1 8 8*0 . S^,t«K (H;!^ 1 2 2. 5 t: ) . o - 7 ^ JVWt ( Bt,^ 1 9 1 "C ; St 

't^') . •9-'J^;l'gS iMl^l 59*0 ^^iKT'i'UJU^ 4t:) i^SttfeStt 

h>G«S (mScm- ' ) ^^2 (2 3*0 , ^3 (TCC) R ZSm 4 ( 1 2 0 "C ) 
■?-n-^*n^-r, tS*, ^ 2 ~ 4 s i: roS^-C© ^^!t&*iH#:T C i * ^ b . 

[ 0 0 6 6 ] 
[^ 2 J 



23^C 




0 


0.05 


0.1 


0.2 


0.5 


0.6 


0.7 


0.8 


0.9 


1 












s 


s 


s 


s 


5 


s 




0.236 


43.1 


44 


34.3 


10.5 


10.67 


s 


s 


s 


s 




0 


3.7 


6.29 


5.51 


5.5 


5.7 


s 


s 


s 


s 




0 




2.29 


3.53 


3.57 


4.48 


s 


s 


s 


s 






















s 












s 


s 


s 


s 


s 


s 












s 


s 


s 


s 


s 


s 






















s 










s 


s 






s 




s 












s 


s 


s 


s 


s 


s 












s 


s 


s 


s 


s 


s 








2.52 




1.34 






s 




s 



[ 0 0 6 7 ] 
3 ] 



70^C 




0 


0.05 


0.1 


0.2 


0.5 


0.6 


0.7 


0.8 


0.9 


1 












s 


10.12 


21.7 


31.5 


31.8 


s 






59.1 


70.3 


57.9 


37.1 


36.9 


37.8 


36.9 


31.3 


s 






10.11 


17.54 


20.9 


25.5 


25.8 


30 


20.5 


s 


s 








6.75 


12.11 


19.16 


20.3 


22.5 


25.4 


s 


s 






















s 












s 


s 


s 


s 


16.15 


s 












s 


s 


s 


8.23 


s 


s 






















s 










s 


s 






19.45 




s 












s 


s 


s 


s 


17.8 


s 












s 


5 




s 


21.7 


s 



[ 0 0 6 8 ] 
4 ] 



(13) 



JP 2005-44548 A 2005.02.17 



120**C 






0 


0.05 


0.1 


0.2 


0.5 


0.6 


0.7 


0.8 


0.9 


1 


• ^ ^ ^ fa r tax 










s 


34.1 


48.3 


59.1 


55.6 


2.85 






72 


99.6 


87.3 


61.5 


61.2 


61.8 


58.7 


53.1 


2.85 






19.57 


39.8 


44.7 


53 


53.2 


61.2 


60.7 


54.3 


2.85 








1 0 CO 
lO.OO 


24,5 


37.9 


42.3 


44.8 


47.9 


44.3 


2.85 






















2.85 












s 


s 


s 


s 


33 


2.85 












s 


1.165 


5.15 


19.25 


40.9 


2.85 






















2.85 










3.25 


12.43 






43.8 




2.85 












s 


s 


s 


30.3 


34.1 


2.85 












11.28 


15.22 


2Z9 


38.6 


44.7 


2.85 



[ 0 0 6 9 ] 

W«g!<i: LT<^ h U :7;U:tPfffK, ^ . 1? K . ^ □ fcf :t > K . ^ ^ - )Vm . U -f > K 

'^l^TynN>eS^(mScm- ' ) ^^5 (2 St:) . ^6 (70t:) ^XS^i 7(1 
201C) tC-en^'n^-To ^ 5 - 7 4- (7) s ^ g T ^ ^ S ft: -t? * -5 C 

[ 0 0 7 0 ] 
[^ 5 ] 











0 


0.05 


0.1 


0,2 


0.5 


0.6 


0.7 


0.8 


0.9 


1 












s 


s 


12.67 


16.5 


13.75 


0.006 




0.236 


42.4 


42.9 


38.6 


20.8 


17.18 


13.27 


8.93 


4.37 


0.006 




0 


4.82 


7.47 


6.89 


4.46 


2.55 


1.692 


0.95 


0.464 


0.006 




0 




3.08 


4.59 


1.89 


1.11 


0.74 


0.511 


0.269 


0.006 


















s 




0.006 












s 


s 


s 


s/l 


s/l 


0.006 












s 


s 


s 


1.9 


11.1 


0.006 


















1.3 




0.006 










s 


0.505 






0.8 




0.006 












s 


s 


s 


6.5 


8.08 


0.006 












s 


s 


s 


s 


6.32 


0.006 








0 




2.65 






1.641 




0.006 



C 0 0 7 1 ] 
6 ] 



(14) 



JP 2005-44 5 48 A 2005.02.17 



70X 






0 


0.05 


0.1 


0.2 


0.5 


0.6 


0.7 


0.8 


0.9 


1 












13.9 


25.9 


30.4 


29.8 


24.7 


0.012 






60.5 


71.8 


63.8 


39.1 


31.1 


23 


14.98 


6.92 


0.012 






12.4 


20.1 


24.5 


11 


5.69 


3.77 


2.22 


0.872 


0.012 








7.72 


12.58 


5.09 


2.99 


1.804 


1.143 


0.555 


0.012 


















s 




0.012 












s 


s 


s 


s/l 


s/t 


0.012 












2.58 


s 


12.02 


9,8 


21 


0.012 






















0.012 










s 


2.55 






1.622 




0.012 












s 


s 


10.66 


16.46 


17.91 


0.012 












s 


s 


s 


3.37 


12.07 


0.012 


[ 0 0 7 2 ] 
7 ] 








120*0 






0 


0.05 


0.1 


0.2 


0.5 


0.6 


0.7 


0.8 


0.9 


1 












31.7 


41.2 


44.5 


40.6 


30.9 


0.0272 






69 


92.5 


85.4 


51.4 


41.5 


29.3 


19.38 


8.67 


0.0272 






22.3 


36.6 


40.8 


17.12 


10.32 


6.12 


3.34 


1276 


0.0272 








12.91 


21.1 


8.18 


4.92 


Z89 


1.684 


0.786 


0.0272 


















s 




0.0272 












s 


s 


s 


s/l 


s/l 


0.0272 












s 


s 


s 


13.2 


15.91 


0.0272 






















0.0272 










6.03 


5.57 






2.48 




0.0272 












7.45 


16.03 


24.3 


19.38 


8.67 


0.0272 












12.34 


17.1 


19.44 


20.8 


17.2 


0.0272 



[ 0 0 7 3 ] 

^^^) 

[ 0 0 7 4 ] 

^m^i^mt Lxit-r z -)iRU 1 - ^ ^ju^ s. i'' v- jhz-d i^r . -rn ^ n r 

mm 'bSktift-f a h >mmm^^Ltz. -i s.^v-)]^\i7 ox^^zf 1 2 ox:izx (m. 
Sftftm) / + ^mm) ©m*<o. 5 Kk±izx 1 - ^^)v-r s. ^v- 0 

[ 0 0 7 5 ] 

x$>i,. (mmiti&m) y (ms^i^iom + ^mm) (Dmitomo. 5 mmA^tff^L < , 0 

. 0 5£;±0. 2«T*«d;i9Sf$L.<. 0. 05j&1±0. IWTA^^tcSFSUti. 
[ 0 0 7 6 ] 



(15) 



JP 2005-44548 A 2005.02.17 



t?0. 9ii(TS*) 1-^ d 2 3 t: - 1 2 0 t: ^ T (35 T T ^ # ^ 

^t, 0. 5«±0. 6JWT*^»*H/i. 
[ 0 0 7 7 ] 

ff^U<. 0. 1JK±0. 2 J&lT;^)^i»tC»* L V^o 
[ 0 0 7 8 ] 

^«g^i:LT«ifffi (AA) ^^li. LTO-f ^ iS^y-Jl.tCft^T, 4 - 

^^^I'-f ^ y ( 4 M I) , 2-X^;1.-4-;^^;K> ;^ ( 2 E 4 M I ) . 1 

- ^ (1 M p ) , 1 _ 2 - 4 - N u r (T r ) . 5 - p< 5^;^ > ^/ 

(5MBI) ^ -^tl-^^n^ (.ifc ^^Ji , 1 (h(WI;it CDj^f^^frVi. -f :^ > 

a/Scni*')^S8(C:^-ro 
[ 0 0 7 9 ] 
CHift 4 : «e*^J3 

AA/lMItCf^X-T. fx (hU:7;i.:^n^^>X>il':}^-;^) -r^Ki^ (HTFSI) 
-f ^ :^ V^- ;i/ ( I m) . 1 i 1^ =^ ^ ^ fr ^ n h > ^ t# 

[0080]' 
[^ 8 ] 



(16) 



JP 2005-44 5 48 A 2005.02.17 







(*C) 


(a/S cm-') 




9 


: 1 


2 3 


6. 


1 X 1 




AA/4MI 


5 


: 5 


2 3 


3. 


5X10"^ 




5 


: 5 


7 0 


1 . 


5X10"^ 






8 


: 2 


7 0 


1 . 


8 X 1 0""3 






9 


: 1 


2 3 


7. 


7X10-3 




A A/2 E 4 M I 


5 


: 5 


2 3 


4. 


3 X 1 




5 


: 5 


7 0 


2. 


1X10-2 






8 


: 2 


7 0 


1 . 


0X10-3 






9 


: 1 


2 3 


7. 


8X10-3 




AA/lMP 


5 


: 5 


2 3 


4. 


6X10-^ 




5 


: 5 


7 0 


2. 


2X10-2 






8 


2 


7 0 


1 . 


9X10-3 






9 


1 


2 3 


3, 


5X10"^ 




AA/T r 


5 : 


5 


2 3 


2. 


3X10-3 




5 • 


5 


7 0 


9. 


5X10-3 






8 : 


2 


7 0 


8. 


9X10""* 






9 : 


1 


2 3 


9 . 


2X10-^ 




AA/5MB I 


5 : 


5 


2 3 


3. 


5X10"* 






5 : 


5 


7 0 


8. 


5X10"* 






8 : 


2 


7 0 


1 . 


1X1 0-* 




HTFSI/Im 


5 : 


5 


2 3 






5 ■ 


5 


7 0 


9. 


5X1 0-3 





[ 0 0 8 1 ] 

> m m iz & n ^ z: t -^^ m ^ fz . 

-fi^VlSSS^AA/lMI (^;Ht5:5) I 0 §^ ^ )\^ itWi ( y — t l^X (D ^ ^ 

^ U )Vm )l (M M A ) 2 0 ^t.mmm t (O JL^ U > ^ V n - JH;^:^ ^ ^ u - h 

(EGDMA) 0. 04SB. M tt^M t X (D T V \l 7. :/ ^ U - h 'J (AIBN) 0 

. 0 3gK) ^ i]u:^rzmm^m (o. smm) (D7.^-'*)-—^if\'i^M\^'r^:ff^:^iR(Dm 
tc^Abfcf^. mm-r ^miz ^^x ^ tj jim^^Kjii^ti^mff V. ynh>32^K (zfuh 

[ 0 0 8 2 ] 
CI4®^ 6 ] 

:t >^mi^ AAX 1 M I (^)ltt 5 : 5) I 0 0 \Z ^ )litm ( =e y - t L X (D ^ h 
Ji^ )\^y ^ U - h ^ 2 QgB, ^mmt LX(D NU y^ u-Jl-fa h ^ ^ ^ U 

4gp. m ^ m PhM t L X (D ^ > V y X, y > 0 . 4U^^isbmmi^rzho:)) ^ m 
WL. mnm (sowcm- ' omn^^ > 2 ^) ^ 1 o^mu±mMT^z: t\z^ 

9 ^ -r o 

[ 0 0 8 3 ] 



(17) 



JP 2005-445 48 A 2005.02.17 



[ 0 0 8 4 ] 
^ 8 ) 

a3i*f i: L T CD3p ij 7^ h 5 7 ;U:t P xg^ U > ^(D -> - h (;pS70/im. it: fi 0. 57) 

S^fflbfc. cnfCAA/lMI (^r;l/Jt5:5) 10 0gBEt>{C'5r*JKbi^J(:il^iJX>/;i}? 

U5^:i--;i. (77^*^:/hv-BY-3 0 0 :JfiS^bSS!) 2 0SI5) 

ti^ TKtt ©ig* SrS 9 ^f. 
[0 0 8 5 ] 
[« 9 ] 







(a/S cm'«) 






2 3 


3 . 8X10"^ 




^6 


2 3 


3. 5X1 






2 3 


3 . 7 X 1 




1^8 


2 3 


2. 8X10"^ 





[ 0 0 8 6 ] 



Wo fe. 
[ 0 0 8 7 ] 

(AA: 1MI=9:1 (^;PJt) ) »-7'DN>5Slfe#:»C-*f®e^mS^ilL. -3^(0 

(c*f b T. 7K^S:>!*:^jXA.;rc:^-&tca. m fiS -fe « JE (c tt; L . t 
•fe ?a7i^ $ n;t . d © C <t 6> . T y — K (H» ^ B5(: ^ ili ^ ffl ;S ) T (Sj^ « 

®tt ^TTit-rcii^.^ijSLTi'i-sttfct, H,A?ptmg> AA/iMi:^ m 

ffi©S^tt-i^e.fe. AA/lMI^^ft: I H. | P t \Z ^ X W-m ^ iLl. X <0 . tK^ 
[ 0 0 8 8 ] 

Ty-K H.+2(1MI) ^ 2(lMI-H*)+2e- 
tlV 2 (iMI-H' ) + 2e - ^ 2 (IMI) + H, 

> M^®aE3 5 0 yAS^fc. 

[ 0 ® ® fS ^ ^ Si ?g ] 



(18) 



JP 2005-44548 A 2005.02.17 




(19) 



JP 2005-44 5 48- A 2005.02.17 



F^-A(##) 5G30i CDOl CEOl 

5H026 AA06 BB08 EE17 EE18 HH08 



1 



